Volume regulation in leukocytes: requirement for an intact cytoskeleton.
Animal cells regulate their volume by controlling the flux of ions across their plasma membrane. Recent evidence suggests that ion channels and pumps are physically associated with, and may be regulated by components of the cytoskeleton. To elucidate the role of elements of the cytoskeleton in volume regulation, we studied the effects of cytoskeletal disrupting agents on regulatory volume decrease (RVD) in three different leukocyte types: Jurkat lymphoma cells, HL-60 cells, and human peripheral blood neutrophils. Cell volume was measured in two ways: (i) electronically with a Coulter counter and (ii) by forward light scattering in a flow cytometer. Exposure of all leukocyte types to hypotonic medium (200 mOsm) resulted in an immediate increase in cell volume followed by a regulatory decrease to baseline by 20 min. In the presence of the microtubule disrupting agents, colchicine and nocodazole, RVD was totally inhibited which corresponded to loss of microtubules as determined by immunofluorescence. Similarly, RVD was inhibited in Jurkat cells incubated with the actin binding agents, cytochalasin B (CB) or D (CD). In contrast, in HL-60 cells and human neutrophils, RVD was unaffected by treatment with either CB or CD. While cytochalasins are generally thought of as microfilament disrupting agents, their primary action is to prevent F-actin polymerization. The extent of ensuing microfilament disruption depends in part on the rate of filament turnover. In an attempt to understand the differential effects of the cytochalasins on RVD, the F-actin content of the different cells was determined by NBD-phallacidin staining and flow cytometry. Pretreatment with CB or CD resulted in profound actin disassembly in Jurkat cells (relative fluorescence index RFI: 1.0 control vs. 0.21 +/- 0.01 for CB and 0.48 +/- 0.02 for CD). However, the cytochalasins did not induce net disassembly in either HL-60 cells or human neutrophils. To study the effects of an increase in F-actin on volume regulation, neutrophils were treated with the chemoattractant f-Met-Leu-Phe or with an antibody (Ab) to beta 2 integrins followed by a cross-linking secondary Ab. Despite an increase in F-actin in both circumstances, RVD remained intact. Taken together, these results suggest that both microtubules and microfilaments are important in volume regulation.